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TECHNICAL NOTE NO. 1190

WAKE MEASUREMENTS BEEINM & WING SECTION 6F &~ — - —— =
‘FIGHIER ATRPLANE IN FAST DIVES

cxe . By De E Beeler and Georgp Gerard "f";f“‘f

e smemRY

Wako measuremente made in & vertical plane behind a wing
sectien of a fighter airplene ard presented for a rangs of Mach nunmber
up to 0,78, Since evidences pf reverse flow vere found in a large
part of the surveys — possibly because of interfererce of the rake
support ~ the computed profile-~drag coefficients are considered to
be gnly qualitative. ] .. .;r

The results showed that the large increase in drag coetficient
beyond the critical Mach number indicated by wind-tunnel tests vas
also obbtained under flight conditions and that the wake width yas
exbendad sharply when shock was ericountered. 'The wake extensisn
occurred first at the upper surface since the highest local velocity
was obtained en that surface, The large increase in drag ceefficlent
for the wing.ssction tested d4id nét occur until after the critical
Mach- nunber had been exceeded by approximately 0.05. Comparison of
. the profile-drag measureménts: with total airplarpe drag measurements

showed .that the large increases in érag in both cases started to.
cceur at the same value of Mach number, ' .

The. results furthor indicated that wake mnasﬁréments made” Iﬁ
three—dimensienal £flow after shock had occurred cannct, in general,
be interpreted in terms ef pection profile—drag .coefficient because
of the exlstencs of. the strmng lateral flow indicated by tuft behavior
in the deand-air regiez behind the shock.

<

INTRODUCTIAN

During dive tests om the fighter airplane tested, measuremsnte
of the prefile drag through axd beyomd critical speed were reguired
in erder vn obtalm data for comparisen with similar measurements
rade in a wind tunnel, The airplane was accordingly equipped with
static—preusire and totel-pressure survey rakes mounted behind the
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left wing at-about the semis;pé.n Jdocation. Several dives were made
with this equipment installed, and measuremen‘cs were taken at Mach
numbers betwsen O 31 and 0. 78 ' L . A i

A 1ong survey rake wes necegsgry for the purpoge of obtaining
meagurements of the pressure losses due to shock at apprecilable
distances above and below the plane of the wing. Structurel 4iffi-
culties imposed by the &ir forces acting on this long reke at high
diving speeds required that the structural elements of the rake
and of the supporting member be sturdy and that the whole assembly
be nownted gquite near the tralling edge of the wing.

The pressure surveys made with this reke equipment showed
-evidences of reverss flow at the center of the turbulent wake;
poesibly & conaseguence of the design conditions described. The
profile-draeg data obtained are, therefore, of only qualitative _ _
'value. : _ ) N pvgnony

'I'he z!esults show, however, the value of the Mach nmn'ber at
which the expected. ls.rge increase in the drag coefficient occurs.
The .pressure losges behind the shock outglde the turbulent weke
were als0 correctly measured, end the width and position of the
turbulent wake at the rske location ag functione of the -Mach number

* Were correctly determined .

The profile drag curve given i the present paper, although
of only gualitative value, is compared with the alrplane over- all
drag curve obtained to show that the large Increase In drag.occurs
et—the same value of Mach number in both cases and further to show
the apparently greater increase in the profile drag than in the
over-all drag with increasing Mach number. Obgervaticn of the flow
- pattern as disclosed by the bshavior of wool yarn tufts _secured. to
the upper surface of the wing indicated that it was possible for
this greater lncremse to—occur and also. indiceted that—even with e
favorable reke installation profile-drag msesurements are-not
quantitatively rellable in three-dimensional flow beyond the
ceritical speed where lat‘fsral :E‘low exlesta In the d.ead-air region
'behindl the shock.
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Cp chord of rake " S - _ T E T
tp " thickness o.f rake . S

8 ‘sta'tio-preésure tﬁ'be

P Pressurs coefficient |

4, gection profile~ drag coefficient

y/c distance along rake from trailing edge in percent of

chord. -
APPARATUS

Alrplane.- A front view of the fighter alrplane tested is
shown as figure 1. During the tests the airplens was In service
condition and wes coated with camouflage paint. WMo attempt was
made to finigh the wing to an aerodynamically smooth conditiom.
The point of transition from laminer to turbulent flow along the
chord was not measured. The machine-gun openings in the lead.ing
edge of the wing end the lower edge of the ammunition d.oor were
taped..

Reke and wing section.- The weke was surveysd by means of &
reke mounted on the flap of the left wing at a distance of 51.3 per-
cent of the semispa.n from the plane of symmetry. - Detells of the
installation mey be obtained from exAminetion of figures 1 to 3.
The wing 1s & modified NACA hlh-series low-drag wing, and the
sectlon at the reke location 18 &pproximately 1l percent thick.
The measured ordinates of the profile‘are given in tHe tebles in
figure 3. The similteneous messurement of the wing pressures and
the weke survey limited the mumber of rake tubes to a total of 30,
of which 24 were total-pressure tubes and six were statlic-pressure
tubes. Both the statlc-pressure and total-presture tubes were of
brass tubing and had outside and inside ‘dlemeters of 0.188 inch
and 0.124 inch, respec’oivoly The -bota1~pressure tubes

oxténded 3}- inches forward of ‘the v«artical sup'oor'bing structure._ ’

The static-yressure tubes. were .offset. a'bout 1 inch from the plane
of the support, and the’ static-pressure holes were located

gbout 5 inches forward of the reke, whers calculations indicated
that interference velocity due to the support would be small,
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Although the wind-tunnel tests (rsference 1) had previously
shown that wake losses could extend 1 chord above -or below the
wing, ground clearances during landings wlth flaps extended and
gtructural limitations prevented the installation of & raks long
enough to measure such wake losses. The rake instelled extended
22,6 parcent of the chord above and 19,9 percent of the chord
below the wing. In addition, rows of tuftes were placed on both
gldes of the survey statlon to determine the air—Fflow behavior
over the wing,.

Instrumentation,— Measurements of the following quantitles
were obtalned by standerd NACA recording instrumente synchronized
by a timer: Indicated alrspeed, pressure sltitude, wing surface
presgures over a section forward of the rake, total and statlc
pressures across the rake, and normal acceleratlion. . . — R

The pressure systom used in obtaining the pressure measure-—
ments is shown in figure 4, The total pressures at the rake were
measured V;th'roqppct_tg the pressure at a tube extending forward
of tke leading edge of the loft wing., (See fig. 3.) The static
rressures at the rake and the pregsures on the wing surface were
measurod with respect to the static pressure at the airspeed head;
the statlic pressuros wers in turn corrected for position error, .
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| METHOD AND RESULTS .. . - - =

Measuremonts were taken during parts of power—off dives
started &t the alrplane ceiling (approx. 30,000 £4) and during
the sibsequent recoveries, thus covering a range of Llift coefficlent
end Mach number., In general, results at values of M higher than
0.70 wers. obtained at approximately 20,000 fest, whereas data at
lower Mach numbers were obtained at pressure altltudes near 25,000 feet,

T'yploal weke surveys obtained at various Mach numbers and the
correocponding chordwise pressure distributions are shown in figures 5
and 64_respectively,_ When these results were obitained, the value
of section normal~force cosfficient ¢, was between 0.1 and 0.2.

The critical_Méch pyﬁbenfof the wing section forward of the rake .
was determined from measurod pressures on the section that corresponded
to the local sonic speed; for section normel-force coefficients of
0.2 the eritical Mach numbecr is approximately 0,67,
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Approximetely 60 surveys of the type shown in figure 5 were
integrated to obtain qualitative values of profile drag 'bhroughout
the Mach number range. Results of these integrations are given
in figure 7 for a vange of Mach number from 0.31 to 0.78. The ..
synbols with tails attached represent the results from the re.ke
surveys shown in figure 5. . . -

At low Mach numbers the total preasures at the center of the
weke are very neer the prevalling static pressurss and at high
Mach numbers are less than the static pressures. (See fig: 5.)
Throughout the entire Mach nunber reange therefore some degree of )
reverse flow is indicated near the center of the weke., In the T
oevaluation of the data for conditions in which the total-pressure
reading was less then that of the static pressure, the two
pressures were assumed to be equal. Under these c¢onditions the
integration of weke surveys cammot be sald to yleld & true meesure
of the profile drag, and the degree of error cannot be established
wlthout extensive additional experiments. The width and the locatlon
of ' the turbulent wake are nevertheless esteblished as well as the '
Mach number &t which the large inorease in d.ragpcc_urs.

R

DISCIISS'ION . ‘ . . ) : _. . . - =

-

The degree of accuracy of the flight data 1s, in general,
more dependent upon the limitations of the rake d.esign and ingtale-
lations than upon the instments. An analysis of gll the possible
causes of error indicated that the profile-drag coefficient would be
in error by not more than£5 percent if only instrument errors and
personal errors effected the accuracy. As previously ind.ica.ted.
however, anomelous flow conditions existed in the region of the _
reke, so that the over-all degree of error camnot be estima.ted..

From the typlcal diagrams of figure 5 the wake at sypercritical
velocities can be considered as composed of two parts: ‘the center
wake due to skin friction and separation losges, which contributes
- almost all the drag &t the lower Mach numbers, end the shock wake,
1dentifled by the itotal-pressure loss on elther slde of the center
wake and attributed to the shock that extends from the boundary
leyer. At Mach numbers considerably higher than the critical Mach
number, 1t would be expocted that the shock losses would account for a
large part of the drag and that the shock losses would increase in
magnitude along with an incresse in the losses in the center wake,



"Tho results given In figure T show t.hat—the profile-drag changa

is v-ery emall up to a Mach number approximately 0405 greater than

the critical Mach number for the wing section but that the profile-
drag toefficient increases raplidly above this Mach number. The
large increese in profile~-drsg coefficient is accompanied by an
extonsion of the wake width. (See fige. 5.) The waks extension
occurs first at the upper surfaceo since the highest local veloclty
is obta.ined on that surfa.ce.

‘Figure 8 shcws the fairod pr:file-drag curve from figure 7
togtathor with preliminary data from tests made in the Ames 16~foot high-

speod tummel on & ;—‘-scale model of the test airplane at the same

sparwise station a8 used in the flight tests. . Camparison ¢f the

two curves Shows that the large incroage in drag starts to occur

at e-gprom:tmatoly the same Mach number and also that differences

exlst in the drag coefficients obtained from the two tests. Investie=
gations of surface-condition effects on drag have chown profile=~

drag coefficients to be 0.003 to 0.005 higher for wings in service
condition than for wings that were ssrodynamically smooth. The
differences showvn In the present comparison are believed t¢ be due
mainly to surface ccenditions, since nc atbempt was made to smocth .
the camouflage paint cn the airplane wing whereas ths model wing
wag aerodynamically smooth. Alsc included in figurs 8 is a
goneral over-all drag cuxrve for the alrplene tested; this cuxrve
ghows that the large increase in over=all drag occurs at approxi-
mately the seme Mach number ag the incresse In profile drag from
both wind.-turmel and flight ‘besta. .

Figurse 9 ahcws tho local pressure varistion wilth Mach numbsr
for the chordwise statlon at which & marked change of flow first
occurs &8 obgserved from tuft behavior. The Mach mumber (O.71)
at which the abrupt change in pressure coefficlent occurs is approxi-
mately the same Mach number at which the la:cge increaso in drag
staxrts -bo oSCUL . . )

3

PP - s it

Photog“aphs taken of wocl tufte 1nsta.lled. om the upper surface
of the wing showed that the flow comditions were such that & relisble
measure of profile-drag variation would be difficult to obtain for
this type of wing at supercritical speeds even with a rake inatal- *
latim adequate for ordinsry drag measuremonts. Flgure 10 shows
photographa cf the tuft behavior at a suberitical speed (M = 0.65),
at about the speed at which the large increasge in drag starts to r
occur (M = 0.73), and at a higher speed (M = 0.75). All photographs
wers obtained when the airplane 1ift coefficient was about 042,
With the excepition of a very small lateral flow over the lsnding

L
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flap toward the inboard sections the flow over ths wing at the
subcritical speed ls steady and directed backward over the wing.

At the intermediste speoed slightly irregular flow together with
slight inboard flow may be fioted at approximately the 50-percent--
chord station., At the highest speed the flow behind the shock 1s
very turbulent and a pronounced lnboard lateral flow 1s evident,
With these flow conditions measurements obtained from any raks
installation are not applicable to the evaluation of section profil
drag. . :

CONCLUSIONS

Wake measurements have becn made in a vertical plane behind a
wing section of a fighter airplane for a range of Mach number up
to 0.78; however, the computed profile-drag cosfficilents are considered
to bo only qualitative, The following conclusions can be made from
analysis of these measurements: .

1. At the wing section tested, the critical Mach number of
the section was exceeded by 0.05 before large increases in the
proflle—-drag coefflicient occurred,

2. Large increases In drag coefficient beyond the critical Mach
number such as shown by wind—tunnel tests of the fighter airplane
model tested were slgo obtained under flight conditlons and these
increases started to occur at the same value of Mach number in both
cases, : .

3. The large increase in profile~drag coefficlent was accompanied
by en extension of the wake width, The wake extension occurred first
at the upper surface gince the highest local veloclity was obtained on
that surfacs,.

i, Weke measurements made in three—dimensional flow after shock
had occurred cannot, in general, be interpreted in terms of section
profile—-drag coefficient because of pronounced lateral flow in the
dead—air region behind the shock. .

Langley Memorlal Aeronsutical Laboratory
‘Natlonal Advisory Committee for Aeronautics
Langley Field, Va., November k4, 1946
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Figure 1.~ Front view of fighter airplane tested.
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Figure 2.- Close-up of upper part of rake mounted on left wing of
fighter airplane tested,
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Figure 3.~ Rake installation on left wing of fighter airplane fested .
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Fig. 4 o
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Figure 4,- Pressure sysfem for defermination of profile dl'ag.
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NACA TN No. 1190 Fig. 10

M = 0.65

M = 0.73

M = 0.75

Figure 10.- Flow conditions over upper surface of airplane wing as
indicated by wool tufts. Airplane lift coefficient, 0.2.
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